Objective To investigate the influence of table height on image quality and radiation dose of chest CT scan with automatic exposure control (AEC) technology. Materials and methods A chest phantom was scanned with AEC technology at 11 different table heights from 100 to 200 mm with 130 mm table height (iso-center was positioned at the midaxillary line of the phantom) used as reference center position. Image quality and radiation doses at different heights were statistically analyzed. Results Compared with 130 mm table height, the radiation dose of chest CT scan changed about 15% with the table height at 160 mm, or table height at 100 mm. The trend of the tube current-time (mAs) curve at different table heights was the same. In the thoracic inlet area, mAs changed most obviously, compared to the heart area. The noise of the image at higher table heights was not significantly different from the reference table height, but lower table heights increased the noise. When the height of the table was decreased from 130 to 100 mm, the size of the measured phantom changed greatly, by 5.22%, and when the height of the table was increased from 130 to 160 mm, the measured phantom size decreased to 95.07%. The score of the subjective image quality was lower when the table height was lowered. Conclusion With table height settled between anterior axillary line and midaxillary line of the phantom, acceptable subjective image quality could be obtained with a lower radiation dose.
Introduction
National lung screening trial (NLST) findings revealed that participants who received low-dose spiral CT (LDCT) chest scans had 15-20% lower risk of mortality from lung cancer than those who received standard chest X-rays [1] . The average effective dose of chest LDCT screening is approximately 2 mSv [2] . Lowering tube current is a useful way to reduce the radiation dose [3] . All major CT manufacturers currently offer the automatic exposure control (AEC) technology to reduce the radiation. AEC technology modulates the tube current as a function of the projection angle and along the scanning direction according to the patient's size, shape, and the attenuation of the body parts.
The localization radiograph (localizer) is used to get information about patient size and other information to determine the adequate tube current level, which is the basic step during application of AEC, therefore table height is very important for AEC technology. Standardization of the scan protocol is very important for lung screening for a large patient population. The purpose of this phantom study is to investigate the effect of table height on image quality and radiation doses in low-dose chest CT scan with AEC technology.
Materials and methods

Phantom
Transparent thorax anthropomorphic phantom (RSD-111T; Radiology Support Devices, USA) was applied for CT Chest scan in this study, which simulate a adult male 5 ft. 9 in. tall (175 cm), with a weight of 162 lbs (74 kg) ( Fig. 1 ).
3
CT chest image acquisition
The phantom was scanned with a 64-slice multi-detector CT system (SOMATOM Definition AS; Siemens Healthineers, Forchheim, Germany). The chest CT protocols were: 32 × 0.6 mm detector collimation, 64 × 0.6 mm acquisition thickness, 19.2 mm detector size in the z direction, z-flying focal spot technique, 120-kVp tube voltage, 110 mAs reference tube current-time, CARE Dose 4D on, 500 ms rotation time, 1.2 pitch factor, 512 × 512 pixel matrix size, 338 mm reconstruction field of view, and 6.07 s scan time. Table height was varied from 100 to 200 mm with increments of 10 mm. Therefore, a total of eleven CT scans were performed with the same protocol except the table height. Table height of 130 mm was iso-center for the phantom, which was used as the reference in this study.
Image reconstruction
All axial CT images were reconstructed with a filtered back projection (FBP) algorithm. Two series of slice thicknesses and reconstruction kernels were utilized: series A-slice thickness of 5 mm and increments of 5 mm, medium smooth B31f with mediastinum window (window width 350-HU; window level 50-HU); series B-slice thickness of 1 mm and increments of 0.7 mm, sharp FR kernel B70f with lung window (window width 1200-HU; window center-350-HU). The center Y was automatically varied with different table height.
Image assessment
The widths (cm) of three typical positions (heart level, thoracic inlet area, and tenth rib) in the localization radiograph (Localizer) were measured ( Fig. 2 ).
All CT images were presented to two independent readers (with 10 years and 11 years of experience in thoracic imaging, respectively) for evaluating the subjective and objective image quality. Both readers were blinded to the table height information. Image analysis was performed on a MMWP workstation (syngo MMWP VE50A, Siemens Healthineers, Forchheim, Germany).
Image noise was scored based on the standard deviation of attenuation numbers (HU) at soft tissue in five different areas (region of interest (ROI, about 1 cm 2 ) of mediastinal windows (350 HU window width, 50 HU window level) image at five different table positions (− 85, − 130, − 175, − 225, − 270 mm) ( Fig. 3 ). Subjective image quality and diagnostic acceptability were graded on a 4-point scale (4 = fully acceptable; 3 = probably acceptable; 2 = deemed acceptable only for limited clinical conditions; and 1 = diagnostically unacceptable). This grading was based on the visualization of abnormalities or absence of abnormalities and on the radiologist's perceived likelihood of identifying abnormalities based on the overall image quality.
Tube current time (mAs) and radiation dose
The mAs for all slices at each table height and radiation dose after each scan was recorded. Parameters of radiation doses included volume CT dose index (CTDIvol) and dose-length product (DLP) (CTDIvol and DLP) for each table height. The effective dose was calculated with conversion factor k = 0.014 mSv mGy −1 cm −1 [4] . 
Statistical analysis
Statistical analysis was performed with SPSS software (SPSS23.0, IBM, USA), and a p value of < 0.05 CI was considered as statistically significant. Inter-observer agreement of image quality was analyzed with a Kappa test. Levels of agreement were defined as follows: k < 0.20 indicated slight agreement; k = 0.20-0.40, fair agreement; k = 0.41-0.60, moderate agreement; k = 0.61-0.80, substantial agreement; k = 0.81-1.0, excellent agreement [5] . One-way ANOVA was used for measuring phantom size changes in three anatomy positions at different table heights. T test was applied for mAs differences in three anatomy positions at different table heights.
Results
Radiation dose
The radiation dose was 15% more with 
Tube current-time
The trend of the tube current-time change curve was the same at different table heights ( Fig. 4 ). Compared to the heart level, the tube current-time reduced noticeably when the table height was changed in the thoracic entrance level (p < 0.001) ( Table 1 ; Fig. 4 ).
Image noise
The image noise of all table positions higher than iso-center was not significantly different with reference to table height (at the iso-center) (p > 0.05), but the lower the table height was adjusted, the higher the noise levels were observed (p < 0.05) ( Fig. 5 ). 
Fig. 3 Illustration of measurement ROI for image noise
Subjective image quality
Two subspecialty radiologists conducted subjective image quality assessments for all the CT examinations. The inter-observer agreement for subjective image quality parameters between two readers was fair (k = 0.813). The subjective image score went down when the table height was lower than 130 mm (Table 3 ).
Discussion
In the study, we found that table height impacted radiation dose and subjective image quality. When the height of the table was raised by 10 mm, the measured phantom size raised 1.66 ± 0.21%, and the radiation dose increased 3.74 ± 1.16%. When lowering the table height, the noise increased 16.28%/10 mm.
Cancer is a leading cause of death worldwide, accounting for an estimated 9.6 million deaths in 2018. Lung cancer is the most common cancer and the most common cause of cancer death in the world, accounting for about 2.09 million new cases and 1.79 million deaths [6] . CT is a valuable tool in diagnostic radiology but it is also associated with higher patient radiation doses compared with planar radiography [7] . The CT scan in United States contributes to almost 50% (1.5/3 mSv) of the collective doses from medical sources [8] . 4  120  3  4  3.5  130  3  3  3  140  3  3  3  150  3  3  3  160  3  3  3  170  3  3  3  180  3  3  3  190  3  2  2.5  200  2  2  2 The AEC systems are an effective tool to reduce radiation exposure from CT examinations. Several clinical studies have shown that radiation doses could be reduced with diagnostic acceptability using AEC technology [9] [10] [11] [12] [13] . However, there are several aspects of an AEC system that should be considered in clinical use. The localizer is fundamental to obtain the information of the patient's attenuation. The CARE Dose 4D system estimates the size, shape, and attenuation profile over the scan length from the localizer and it cannot be switched on without a localizer.
The adaptation of the tube current modulation using CARE Dose 4D is based on a typical X-ray attenuation of a reference patient that is stored for different body regions (organ characteristics). The thickness of the reference patient is 31.4 cm for thorax protocol [14] .
Siemens CARE Dose4D automatically adapts the tube current to the size and shape of the patient, achieving optimal tube current modulation in two ways [15, 16] . First, the tube current is varied on the basis of the topogram, by comparing the actual patient to a 'standard-sized' patient. As might be expected, the tube current is increased for larger patients and reduced for smaller patients. Differences in attenuation in distinct body regions are also taken into account.
For example, 140 mAs might be needed in the shoulder region of an adult patient, whereas 55 mAs would be sufficient in the thorax, 110 mAs in the abdomen, and 130 mAs in the pelvis. In addition, real-time angular dose modulation measures the actual attenuation in the patient during exposure and adjusts tube current accordingly-not only for different body regions, but also for different angles during rotation. The technique above is particularly important for efficiently reducing doses in the shoulder and pelvic region, where the lateral attenuation is much higher than the anterior-posterior one.
Limitations
First, this study merely conducted phantom examinations, so further work should assess the influence of table height on patients. In addition, the effect of table height from different CT scanners on image quality and radiation doses should be investigated in the future.
Conclusion
In conclusion, when the table height is raised above the isocenter, the image quality remains the same and the radiation dose is higher. As the height of the table decreases, the image quality deteriorates and the radiation dose decreases.
Subjective image quality is acceptable at low radiation doses and table heights below 20 mm.
